INTRODUCTION
Safety investigations play a crucial role in safety improvements especially because they lead to the formulation of recommendations to eliminate or mitigate identified problems with the scope to prevent similar occurrences in the future. To date, although in aviation there are established guidelines for the conduction of a safety investigation (ICAO, 2003 (ICAO, , 2008 (ICAO, , 2011 (ICAO, , 2015 , there is yet little guidance about the design of safety recommendations (Pooley, 2013) .
To fill this gap, researchers and students from the Aviation Academy of the Amsterdam University of Applied Sciences (Zonneveld, 2016 , De Vos, 2016 , Kiefer, 2016 reviewed academic and professional literature and proposed a relevant framework that includes design criteria (Table 1) , their scope (Table 2 ) and expected effectiveness ( Table 3) .
The particular framework was used to perform a questionnaire survey across safety practitioners to explore the extent to which the framework aspects are known and applied, and reveal any underlying reasons. 
Criterion
Brief explanation Literature* Specific Addresses a particular problem (Haughey, 2014 , Gregson, 2017 ) Measurable Allows monitoring of its implementation (Haughey, 2014) Assigned Addressed to specific responsible agent(s) (Haughey, 2014 , Gregson, 2017 ) Realistic Achievable within current boundaries (Haughey, 2014 , Gregson, 2017 ) Time-bound End dates defined (Haughey, 2014) Review Review dates defined (Haughey, 2014 ) Objectives
What and not how to achieve (Johnson, 2003 , Gregson, 2017 ) Actionoriented Actionable items are preferred over studies (Johnson, 2003) Non-blaming Focus on problems, not individuals (Johnson, 2003 , Dekker, 2016 *Indicative literature references.
practitioners involved in the generation of safety recommendations: whether they are knowledgeable of the design criteria and the degree to which they apply those in daily practice along with possible reasons; perceptions about the order of effectiveness of the control types referred in literature, frequency of proposing each control type as part of their role, and explanations about the latter; extent to which they focus on each of the categories included in the three dimensions of recommendations' scope and respective reasons. The questionnaire included an introductory section where the background and aims of the study were stated along with the voluntary character and anonymity of participation. Also, the particular section referred to the estimated time investment (i.e. up to 15 minutes) and the contact details in the case that the respondents wanted to provide feedback on the questionnaire, get informed about the results of the study or raise any other inquiry.
To examine possible variations of the responses against characteristics of the sample, the subjects were asked to fill in their main job role at the time of participation (i.e. safety manager/officer, safety investigator, or other), the year they started getting involved actively in the generation of safety recommendations, the country they were practicing their vocation at the time of participation, and their highest level of education (i.e. High School, Associate Degree, Bachelor degree, Master degree, Doctoral level, and other).
For each of the design criteria for safety recommendations, the respondents were asked to state whether they know the criterion (possible choices: YES or NO), the extent to which they apply the criterion when creating safety recommendations (possible choices: 0-20%, 21-40%, 41-60%, 61-80%, and 81-100%), and explanations about their latter. Regarding the expected effectiveness of recommendations, the corresponding section provided a brief description and a few examples for each of the control types (i.e. physical, functional, symbolic and incorporeal) and asked the participants to rank the controls in the order of their effectiveness, state which control type they most frequently introduce in their safety recommendations, and justify their last answer. It is noted, that the control types were presented to the participants in a random order of effectiveness outlined in the literature (Hollnagel, 1999) . The last section of the instrument referred to the scope of recommendations and included a short description for each of the dimensions (i.e. aspects of operations, stakeholders affected and degree of renewal) and their values (see Table 2 ). The subjects were prompted to choose the frequency to which their recommendations focus on each of the categories of the three dimensions (possible choices: 0-20%, 21-40%, 41-60%, 61-80%, and 81-100%) and state respective reasons. Strategies, general policies, legislation *In descending order of robustness (Hollnagel, 1999) .
METHODOLOGY
Following the establishment of the theoretical framework about the design and classification of safety recommendations as presented above, the researcher aimed at assessing the degree to which the aspects of the framework are known and/or applied by safety investigators and professionals involved in the formulation of safety recommendations in general (e.g., safety and risk managers). The aspects of the framework comprised the topics of a questionnaire that was administered to safety managers, investigators and professionals. The data collected from the analysis with the tool and the questionnaire responses were statistically processed to obtain an overall picture and examine differences across various variables.
Survey questionnaire
The survey instrument was designed with the goal to capture the following information from It is clarified that there were no obligatory questions to be answered. The respondents could omit any demographic or safety recommendation related question. The draft version of the survey instrument was sent to four persons with relevant academic and professional background for their review. Following the revision of the questionnaire according to the remarks collected, its final version was designed online with the use of the Qualtrics platform. The functionality of the online questionnaire was tested with the participation of the same four reviewers. The survey instrument was administered through two main channels: (1) personal emails to contact persons of the network of the Aviation Academy of the Amsterdam University of Applied Sciences that covers various aviation organizations worldwide; (2) online messages to practitioners found on the LinkedIn platform and holding relevant positions (e.g., safety managers, safety investigators). Due to time constraints, three working days were devoted to the administration of the questionnaire and a three weeks period was set for the collection of responses.
Sample and analysis of questionnaire responses
In total, 42 questionnaires were filled. Because of the snowball sampling strategy, the author could not have any information about the number of persons whom the instrument finally reached (e.g., unmonitored or unread emails and messages). Therefore, the response rate could not be estimated. Nevertheless, since the scope of the whole study was an initial assessment of the situation around safety recommendations, the number of responses was deemed as sufficient. Table 4 presents the distribution of the sample across its demographic characteristics. It is clarified that the apart from the main job role, the rest of the demographics were grouped due to the small number of responses in some of the categories. Regarding the analysis of data, the frequencies for each the closed questions were calculated to offer an overall view of the responses. Fisher's exact tests were performed to reveal any associations of the knowledge of design criteria with the variables of Table 4 . The same variables were also used to conduct Kruskal-Wallis or Mann-Whitney tests (i.e. depending on the number of categories of each variable) for the closed questions which corresponded to ordinal data (i.e. frequency of application of design criteria, frequency of focus of recommendations on the areas defined, and level of effectiveness of controls the recommendations introduce).
It is noted that, to allow the execution of statistical tests, the frequency choices were translated to ordinal figures as follows: 1: 0-20%, 2: 21-40%, 3: 41-60%, 4: 61-80%, and 5: 81-100%. The tests were run with the SPSS software version 22 (IBM, 2013) . The function of Monte Carlo Exact Test under the settings Confidence Level: 99% and Number of Samples: 10.0000 was chosen to strengthen the validity of the results. The level of statistical significance was set to 0.05.
The open-ended questions concerned, a thematic analysis was performed. The researcher individually performed a coding of the answers, which was afterwards tested for reliability with two other colleagues who were not involved in the study. The comments of the raters indicated areas of disagreement as well as cases that the content of the answers had not been captured by the initial codes. Based on these remarks, the coding was revised and retested, resulting in agreement levels ranging from 77% to 92% between the researcher and each of the participants as calculated with Cronbach Alpha tests. The finalization of the list of coding themes was followed by the calculation of frequencies per code for each of the questionnaire topics.
It is clarified that in several qualitative responses the subjects did not provide explanations about their choices in the closed questions, but they restated the latter or made general comments not applicable to the particular question. These cases were excluded from the analysis. Due to the small number of valid responses, no statistical tests were conducted between the responses and the demographic characteristics of the participants.
RESULTS

Results from analysis of closed questions
The frequencies that the design criteria of safety recommendations are known and the extent to which are applied by the survey participants are shown in Table 5 . The Non-blaming, Assigned and Realistic criteria were the ones most known, whereas the Review date and Actions criteria were the ones that were least known by the respondents. Also, Spearman's bivariate correlations were performed between the figures of knowledge percentage and the medians. The results of the particular statistical test showed a significant and strong association (N = 9, rs = 0.870, p = 0.002), meaning that the higher the knowledge on a specific criterion, the higher the degree of its implementation.
The Fisher Exact tests between the design criteria and the demographics of the population resulted in significant results only for the association of years of experience in the generation of safety recommendations with the knowledge of the criteria Realistic (N = 40, p = 0.046) and Timebound (N = 40, p = 0.008). The participants with 19 or more years of experience in safety recommendations declared less frequently that they knew about both criteria compared to participants having fewer years of experience. Regarding the frequency of application, the Objectives criterion was applied less frequently by safety managers/officers than the rest of the job roles (p = 0.039) and it was utilized more by the participants with increased years of involvement in safety recommendations generation (p = 0.025).
Regarding the scope of recommendations, the respective medians are reported in Table 6 . The statistics revealed that culture-focused recommendations were applied more frequently by participants with roles other than safety staff and investigators (p = 0.046). Recommendations addressed to industry sectors (i.e. meso level) were generated by safety investigators more than other job holders (p = 0.002). Meso-and macro-level types of recommendations were made more frequently by subjects working in Europe (p = 0.044 and p = 0.021 respectively) or having a high educational background (p = 0.008 and p = 0.004 correspondingly).
The expected effectiveness of safety recommendations concerned, Table 7 presents the survey findings with regard to the perceived degree of effectiveness for each type of control introduced through recommendations. The statistics showed no associations of the perceived effectiveness with the demographic characteristics of the sample.
Results from analysis of open-ended questions
The codes derived from the thematic analysis and their frequencies showed that in many cases the subjects applied the design criteria because they were mentioned in internal or external documentation or had been seen as best practice. It was widely recognized that the Specific criterion minimizes ambiguity in the implementation of safety recommendations, which according to a few respondents is expected at some degree. However, 3 out of the 20 participants declared that some flexibility is required and recommendations should not be always too specific. The Measurable criterion was seen by most of the subjects as often unfeasible and a few respondents stated that the effect of changes is more important than their measurement, monitoring does not apply to simple recommendations, and a customization of relevant metrics to each organizational level/function is necessary. About the Assigned criterion, 3 out of the 18 participants argued that recommendations might require the engagement of more than one responsible persons, departments, agencies etc. The comments made about the Realistic criterion showed that this helps in increasing the credibility and feasibility of the recommendation and demonstrating an achieve-ment of a balance between the resources required for its realization and the anticipated benefits. However, 5 out of the 23 answers pointed that the Realistic criterion might be difficult to meet due to the diversity of perspectives and interests of the stakeholders involved.
The Time-bound criterion concerned, the participants expressed a variety of views. Four persons recognized that the specific criterion would ensure the implementation of a recommendation, whereas three persons stated their reservations about the feasibility of the criterion. Also, two persons did not know the particular criterion and one person did not contemplate it as important. A similar picture was observed in the answers regarding the knowledge and feasibility of the Review date and Objectives criteria. The latter criterion was appreciated by three respondents because it allows flexibility in the operationalization of the recommendation.
A combination of actions and studies depending on the type of the problem to be solved was proposed by most of the participants. Four out of the 17 subjects argued that the Action criterion increases the feasibility of a recommendation. The application of the Non-blaming criterion was seen as positive by most of the participants regarding the effects on the overall culture and increase of the effectiveness of safety recommendations. Only 1 out of the 23 answers suggested that a focus on individuals/teams might be appropriate in cases of repeated unsafe behaviors.
The answers regarding the type of control most frequently introduced by the survey respondents showed a preference in symbolic controls, followed by incorporeal, functional and physical ones. The explanations given emphasize on the decreased feasibility of controls of technical nature (i.e. physical and functional) due to the demands for more resources for their realization. The views about the effectiveness of technical or non-technical controls (i.e. symbolic and incorporeal) were almost evenly distributed. In three cases, the respondents argued that symbolic and incorporeal controls are more vulnerable and require more frequent repairs. One respondent claimed that the focus on symbolic controls sources from the pressure of authorities who ask for more and better procedures.
Regarding the focus of recommendations on specific aspects of operations, 4 out of the 17 answers addressed that the decision depends on the context of the problem identified and four of the respondents answered that is a matter of organizational focus. The views about the process and culture aspects of operations were divided into two equal parts. Four subjects claimed that those aspects are difficult to change whereas other four subjects stated that the specific aspects are easier and faster to change. Concerning the degree of renewal, repairs and adaptations were seen as equally sufficient to deal with problems, partly because of the lower associated costs. Innovations were contemplated by 4 out of the 14 participants as either expensive or not appropriate to be introduced through recommendations, and two participants suggested that the required degree of renewal depends on the problem under examination.
Lastly, regarding the level of affected stakeholders, 8 out of the 17 subjects stated that their focus on the micro level is dictated by the organizational priority to deal with local problems and the difficulty to affect the meso and macro levels. One respondent recognized that micro level interventions are cheap and another respondent stated that interventions at the lowest level could lead to changes to the rest of the levels. Once more, many subjects declared that the type of each problem is as a parameter to decide which stakeholders will be addressed in a recommendation.
DISCUSSION
The overall results regarding the design of safety recommendations suggest that most of the participants are knowledgeable about the criteria identified in the academic and professional literature and apply these criteria to at least 60% of the recommendations but with different extents. Rather expectedly, the knowledge of a specific criterion was positively associated with the degree of its application when generating safety recommendations. However, such knowledge was obtained more through experience, best practice or organizational documentation rather than international and regional standards. The lack of guidelines in industry standards might explain partially the fact that some of the criteria were not known and consistently applied by a fraction of the survey participants. The statistical tests showed a few differences across some criteria, mainly linked to the years of experience in generating recommendations. Two of the criteria were less known and another criterion was more frequently applied by participants with higher experience.
The Non-blaming criterion was known and applied by all participants, thus indicating that the necessity for a just culture in aviation (Humpreys, 2014 , Michaelides-Mateou and Mateou, 2016 , Quinn, 2007 and the role that recommendations can play in realizing a culture of fairness have been well communicated across the particular industry sector. The criteria of Assigned and Realistic also scored very high regarding the level of familiarity of the respondents and the degree of their application, this partially attributed by the participants to the contribution of these criteria to increased credibility of recommendations. On the other hand, the Review and Actions criteria were not known by about one-quarter of the survey participants. These criteria were seen as important but sometimes not feasible or binary regarding their application. In general, the respondents expressed concerns about the strict satisfaction of the whole set of criteria for every single recommendation and argued that each case must be handled differently.
Concerning the type of controls introduced through safety recommendations, interestingly, their effectiveness as perceived by the participants is not aligned with the literature suggestions, the results showing a reverse order. Whereas the work of Hollnagel (1999) implies that physical and functional controls are more robust and effective, the respondents viewed the symbolic and incorporeal controls as such. The comments collected showed that the viewpoints about the effectiveness of technology and non-technology based controls were evenly divided. According to the participants, the main factors driving the recommendation of a specific control type are the resources available and the expectations of the authorities for improved procedures. Hence, the author contemplates that the responses about the effectiveness of controls were affected by current practice and not a consideration of their technical characteristics or potential to deal with a hazard or risk more successfully.
Nevertheless, the positions of the participants regarding the types of controls preferred are in tandem with literature suggesting that the amendment of rules or introduction of new ones are favored due to the low costs involved and the timeliness and easiness of implementation (Bourrier and Bieder, 2013) . Moreover, the viewpoints of the respondents seem to confirm their efforts to generate recommendations that are realistic by taking into account the existing boundaries (e.g., resources, operational needs).
The findings regarding the scope of recommendations showed that the higher and wider the level of operations, stakeholder and renewal, the less frequency corresponding changes are suggested. Recommendations that focus on the physical processes and the work floor, specific organizations and repair of problems had been more frequently introduced by the participants. On the other hand, interventions at the culture and context aspects of the operational area, suggestions to the regulatory and standardization levels and recommendations for innovative solutions were least frequently generated. The comments of the respondents seemed to agree about the effects of cost and time limitations along with political factors that can discourage the formulation of recommendations addressing wider and deeper systemic flaws. A few conflicting statements were observed regarding the easiness to make process or cultural changes, this indicating somehow misaligned perceptions.
The statistics regarding differences of the recommendations' scope across the demographics included in the study showed that meso-levels of stakeholders (i.e., whole industry sectors) were addressed more frequently by safety investigators. This finding can be explained by the fact that aviation safety investigation standards (e.g., ICAO, 2003 ICAO, , 2011 prompt the examination of latent factors which in turn allows the formulation of recommendations targeted beyond organizational boundaries. Furthermore, recommendations for stakeholders other than specific organizations and individuals were generated more frequently by respondents working mainly in Europe and having a higher level of education. These findings might reflect the effects of different regional and national cultures (e.g., ICAO, 2013 , Stolzer et al. 2008 as well as an influence of educational breadth and depth on the tendency to adopt systemic views and address deficiencies at higher system levels.
CONCLUSIONS
The current study was a first initiative to map the situation in the aviation industry around the engineering of safety recommendations. Regarding the degree to which professionals are knowledgeable about the design criteria that can increase the quality and effectiveness of recommendations and the extent to which apply these criteria in practice, the results suggested an adequate level of knowledge and a satisfactory frequency of application of the nine design criteria included in the research. However, the findings were attributed more to the employment of best practice and the reference of such criteria in organizational documentation, rather than to guidelines from regional or international guidelines or topics of training. Hence, the inclusion of respective material in standards and safety management/investigation courses is highly recommended to achieve consistency in the generation of safety recommendations and establish a commonly referred framework for their design. Nonetheless, such a framework must be viewed as a guide and not a compliance-check reference. As the study participants stated, each case has a different context and the satisfaction of all design criteria might not be feasible or proper for all recommendations.
The findings concerning the classification of recommendations based on the types of controls they introduce showed a gap between perceptions of the practitioners and the suggestions of the literature. The former viewed "soft" control types as more effective than "hard" ones, whereas literature implies the opposite. It is noted that the categorization of controls does not aim at stating a preference of any type over another but rendering the industry aware of the weaknesses and strengths of each control type. Nonetheless, the conduction of further studies is suggested as a means to provide empirical evidence about the actual level of effectiveness of each type of control and indicate any optimum combinations of those.
When considering the focus areas of recommendations, the findings suggested an emphasis on the repair of lowest activity levels rather than systemic interventions and innovative solutions. A common characteristic of all topics examined in this study was the influence of resource and political boundaries on the generation of safety recommendations, which usually lead practitioners in suggesting cheap and easy to implement fixes. From a pragmatic viewpoint, the situation mentioned above is somewhat unavoidable, but this should not exclude the visible and explicit justification of choices when engineering safety recommendations. The recognition and documentation of the boundaries imposed on each case can support the aggregation of data and their monitoring to inform stakeholders accordingly and possibly lift existing limitations when situations allow.
The researcher would like to point out that the small sample of the current study does not allow to claim generalization of the results. However, the finding of this research can trigger the execution of similar studies at larger scales at regional or international levels regardless of industry sector.
